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INTRODUCTION 
T h i s  i n v e s t i g a t i o n  i s  t h e  f i r s t  i n  a series of s t u d i e s  t o  g e n e r a t e  a d a t a  
b a s e  on m u l t i a x i s  side-arm f l i g h t  c o n t r o l s .  The r a p i d  advances i n  
f ly-by- l igh t  technology,  au tomat ic  s t a b i l i t y  systems,  and onboard computers 
have combined t o  c r e a t e  f l e x i b l e  f l i g h t  c o n t r o l  systems which could reduce t h e  
workload imposed on t h e  o p e r a t o r  by complex new equipment. T h i s  side-arm 
f l i g h t  c o n t r o l l e r  combines f o u r  c o n t r o l s  i n t o  one u n i t  and should s i m p l i f y  t h e  
p i l o t ' s  t a s k .  However, t h e  use  of a m u l t i a x i s  side-arm f l i g h t  c o n t r o l l e r  
wi thout  complete c o c k p i t  i n t e g r a t i o n  may tend t o  i n c r e a s e  t h e  p i l o t ' s  
workload. 
Background 
One of t h e  purposes of developing a m u l t i a x i s  side-arm f l i g h t  c o n t r o l l e r  
i s  t o  e l i m i n a t e  t h e  t h r e e  f l i g h t  c o n t r o l s  ( c y c l i c  s t i c k ,  c o l l e c t i v e  l e v e r ,  and 
yaw p e d a l s )  r e q u i r e d  t o  c o n t r o l  a h e l i c o p t e r  and combine t h e i r  f u n c t i o n s  i n t o  
a s i n g l e  c o n t r o l .  The new f l i g h t  c o n t r o l l e r  should reduce t h e  p i l o t i n g  t a s k  
by f r e e i n g  t h e  p i l o t ' s  l e f t  hand f o r  o t h e r  t a s k s .  
Fly-by-l ight  technology is  being developed through a combined e f f o r t  of 
t h e  Army's Aeromechanics Labora tory  and Boeiiig A i r c r a f t  Corpora t ion  and 
through t h e  advanced d i g i t a l / o p t i c a l  c o n t r o l  system (ADOCS) program, T h i s  
technology uses  encoded s i g n a l s  which a r e  t r a n s m i t t e d  over  f i b e r  o p t i c  c a b l e s .  
The main purpose of t h e  DOCS program i s  t o  demonstrate  t h a t  a n  Army 
h e l i c o p t e r  can be flown w i t h  a m u l t i a x i s  side-arm c o n t r o l l e r  and f ly-by- l igh t  
technology.  The impact on t h e  p i l o t ' s  workload h a s  n o t  been addressed .  
Because of r a p i d  t e c h n o l o g i c a l  advances i n  f l i g h t  c o n t r o l s ,  t h e r e  i s  not 
y e t  a d a t a  base  f o r  crew s t a t i o n  d e s i g n e r s  and e v a l u a t o r s  t o  work w i t h .  We 
b e l i e v e  t h a t  many p o s i t i v e  b e n e f i t s  may be r e a l i z e d  through t h e  use of t h e  
m u l t i a x i s  side-arm f l i g h t  c o n t r o l l e r  i n  Army a i r c r a f t .  The c o n t r o l l e r  w i l l  
have a s t r o n g  i n f l u e n c e  on aircrew s t a t i o n  des ign .  There  w i l l  be more 
f l e x i b i l i t y  i n  s e a t i n g  p o s t u r e  and a i r f r a m e  d e s i g n ,  and f a b r i c a t i o n  w i l l  be  
s i m p l i f i e d .  A g r e a t e r  range of male and female personnel  may be a b l e  t o  f l y ;  
and c o n t r o l  i n p u t s  can be "tuned" t o  each p i l o t ,  a i r f r a m e ,  a i r c r a f t ,  f l i g h t  
phase,  and miss ion  phase f o r  optimum e f f e c t i v e n e s s .  
Two p o s s i b l e  drawbacks t o  t h i s  new technology are t h a t  t h e  p i l o t i n g  t a s k  
may be i n c r e a s e d  and c u r r e n t  o p e r a t i o n a l  c a p a b i l i t i e s  may not  be f u l l y  
r e a l i z e d .  The s t a n d a r d  c y c l i c  and c o l l e c t i v e  control.  heads c o n t a i n  a 
s i g n i f i c a n t  number of swi tches  which a r e  used t o  o p e r a t e  v a r i o u s  subsystems 
onboard t h e  h e l i c o p t e r ;  t h e  ADOCS programs have not  addressed t h e  i s s u e  of 
where t o  l o c a t e  t h e s e  swi tches  i f  a s i n g l e  f l i g h t  c o n t r o l l e r  i s  used. 
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In a d d i t i o n ,  normal miss ion  and p i l o t i n g  t a s k s  have n o t  been imposed on t h e  
s i m u l a t i o n  s t u d i e s .  
The U.S. Army Human Engineer ing  Labora tory  (HEL), through t h e  use of i t s  
s i m u l a t i o n  and computa t iona l  f a c i l i t i e s ,  has  designed a series of 
i n v e s t i g a t i o n s  t o  develop t h e  d a t a  base and t o  de te rmine  i f  t h e  side-arm 
f l i g h t  c o n t r o l  concept  i s  o p e r a t i o n a l l y  b e n e f i c i a l .  
In a fo l lowing  i n v e s t i g a t i o n ,  p i l o t s  w i l l  f l y  t h e  HEL s i m u l a t o r  w i t h  t h e  
c o n t r o l l e r  a d j u s t e d  e i t h e r  or thogonal  t o  t h e  a i r f r a m e  o r  f o r  t h e  comfort  of 
t h e  p i l o t .  I f  i t  can be shown t h a t  a p o s i t i o n  based on comfort  i s  s u i t a b l e ,  
f a t i g u e  may be reduced and t h e  p i l o t i n g  task s i m p l i f i e d .  
OBJECT IVE S 
The main o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  were t o :  ( a )  de te rmine  t h e  
p h y s i c a l  l o c a t i o n  of t h e  m u l t i a x i s  side-arm f l i g h t  c o n t r o l l e r  and armrest 
which i s  t h e  most comfor tab le  i n  a s t a t i c  s i t u a t i o n  and ( b )  de te rmine  t h e  
e f f e c t s  of CB p r o t e c t i v e  g e a r  on t h o s e  l o c a t i o n  parameters .  
METHOD 
D e s c r i p t i o n  of M u l t i a x i s  C o n t r o l l e r  
F i g u r e  1 shows t h e  m u l t i a x i s  c o n t r o l l e r  used dur ing  t h i s  i n v e s t i g a t i o n .  
It i s  a smal l  d e f l e c t i o n  f o r c e  c o n t r o l l e r  wi th  c h a r a c t e r i s t i c s  as shown i n  
T a b l e  1. The d e s i g n  i s  not  based on any s p e c i f i c  Army requirement  and w a s  
purchased of f  t h e  s h e l f  e 
F i g u r e  2 shows t h e  test s e t u p .  Both t h e  armrest and m u l t i a x i s  c o n t r o l l e r  
could b e  a d j u s t e d  i n  r o t a t i o n  and p o s i t i o n  w i t h  r e s p e c t  t o  each o t h e r  and w i t h  
r e s p e c t  t o  the seat r e f e r e n c e  p o i n t  (SRP) as d e f i n e d  by 14IL-STD-1333. A 
nonform-f i t t ing  armrest provided c o n s i s t e n c y  w i t h i n  t h e  i n v e s t i g a t i o n  by n o t  
f o r c i n g  t h e  forearm i n t o  a p a r t i c u l a r  p o s i t i o n .  
F i g u r e  3 shows a p i l o t  i n  p a r t i a l  miss ion-or ien ted  p r o t e c t i o n  p o s t u r e  
(MOPP). The p i l o t s  were f u l l y  covered except  f o r  t h e i r  f a c e s .  Masks w e r e  
c a r r i e d  t o  t h e i r  l e f t  s i d e .  
S u b j e c t s  
Seventy n o n p i l o t s  and seven Army h e l i c o p t e r  p i l o t s  were picked from 
a v a i l a b l e  personnel .  Ten p e r c e n t  of t h e  s u b j e c t s  were lef t -handed and 
twenty- three p e r c e n t  were female.  Inc luded  i n  t h e  s u b j e c t  sample were 
m i l i t a r y  personnel  a s s i g n e d  t o  t h e  HEL. A l l  p i l o t s  were m a l e .  Anthropometr ic  
measurements i n d i c a t e  t h a t  t h e  s u b j e c t s  were r e p r e s e n t a t i v e  of t h e  p o p u l a t i o n  
as a whole. A l l  s u b j e c t s  were c o o p e r a t i v e  and d i d  n o t  appear  t o  i n t r o d u c e  any 
a r t i f a c t s  i n t o  t h e  d a t a .  
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F igu re  1. M u l t i a x i s  con t ro l l e r .  
T A B L E  1 
CONTROL.LER CHARACTER I S T I  CS 
MEASUREMENT SYSTEMS, I N C  
FORCE OVER L I N E A R  
MAXIMUM ALLOWED 
D E F L E C T I O N  A T  MAX 
OPERATING FORCE I 
+i- 1056 in-lb 
+/-  0 .  4. i n  +/ -  0 .  1 i n  +/-  4.0 degs/in-lb 
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F i g u r e  2. T e s t  s e t u p .  
F i g u r e  3. P i l o t  in p a r t i a l  M O P P  g e a r .  
17.4  
Procedure  
The i n v e s t i g a t i o n  was conducted i n  two phases which s e p a r a t e d  t h e  p i l o t  
p e r s o n n e l  from t h e  n o n p i l o t  personnel .  We a n t i c i p a t e d  t h a t  d a t a  genera ted  
from p i l o t s  would be inf luenced  by f l i g h t  exper ience  and any e x p e r i e n c e  w i t h  
s ide-ann t r a c k i n g  c o n t r o l s  which would have b i a s e d  t h e  p e r c e p t i o n  of comfort .  
The purpose of t h e  i n v e s t i g a t i o n  was expla ined  and a series of 
an thropometr ic  upper body measurements were taken  of each s u b j e c t .  The 
s u b j e c t s  t h e n  sat  i n  an  AH-64 h e l i c o p t e r  seat mock-up w i t h  t h e  a d j u s t a b l e  
c o n t r o l l e r  and armrest a t  t h e i r  immediate r i g h t  s i d e .  The s u b j e c t s  were t o l d  
t o  s i t  s q u a r e l y  w i t h  t h e i r  backs i n  c o n t a c t  w i t h  t h e  back of t h e  seat ,  They 
were t h e n  asked t o  r e l a x  but  n o t  t o  s l o u c h  forward.  I f  t h e  s e a t e d  s u b j e c t s  
lowered t h e i r  r i g h t  s h o u l d e r  as i f  t o  a n t i c i p a t e  c o n t a c t  w i t h  t h e  armrest, 
t h e y  were asked t o  reassume a squared p o s i t i o n .  The experimenter  a d j u s t e d  t h e  
c o n t q o l l e r  and armrest t o  where t h e  s u b j e c t s  f e l t  them t o  be comfor tab le .  
Once ea.ch s u b j e c t  w a s  s a t i s f i e d  with t h e  p o s i t i o n  of t h e  c o n t r o l l e r  and 
armrest, a f i l m  record  w a s  t aken  of t h e  s u b j e c t  ho ld ing  t h e  c o n t r o l .  P i l o t s  
would t h e n  wear MOPP and a second f i l m  record  was taken .  
The f i l m  record  w a s  ob ta ined  through t h e  use of t h r e e  or thogonal  d a t a  
cameras l o c a t e d  a t  t h e  s u b j e c t ' s  r i g h t  s i d e ,  t o p ,  and f r o n t .  The cameras were 
s t a r t e d  s imul taneous ly  and r a n  f o r  approximately 3 seconds.  Fi lm r e c o r d s  were 
read  on a f i l m  a n a l y z e r  and i n d i v i d u a l  p o i n t  c o o r d i n a t e s  were fed  d i r e c t l y  t o  
t h e  computer, where t h e  d a t a  were reduced and analyzed.  
RESULTS 
T a b l e s  2 through 9 summarize t h e  d a t a  obta ined  i n  t h i s  i n v e s t i g a t i o n .  
Angular d a t a  a r e  presented  i n  d e g r e e s ,  whi le  p o s i t i o n  d a t a  are presented  i n  
c e n t i m e t e r s  and re ferenced  t o  t h e  s e a t  r e f e r e n c e  p o i n t  (SRP).  F i g u r e s  4 
th rough 7 d i s p l a y  t h e  s i g n  convent ion  f o r  measurements, 
The s t a t i s t i c a l  program used t o  g e n e r a t e  t h e  r e s u l t s  w a s  SAS, a 
s t a t i s t i c a l  and d a t a  handl ing  package from SAS I n s t i t u t e ,  I n c o r p o r a t e d .  The 
d i s t r i b u t i o n s  presented  i n  t h e  summary t a b l e s  were generated by t h e  SAS 
u n i v a r i a t e  program, and t h e  Q1 and Q3 v a l u e s  are t h e  f i r s t  and t h i r d  
q u a n t i l e s  us ing  d e f i n i t i o n  4 .  For small sample s i z e s ,  t h e  maximum and minimum 
v a l u e s  r e p l a c e  t h e  q u a n t i l e s .  S e l e c t e d  i n d i v i d u a l  comparisons were 
accomplished by - t tes t  us ing  a pooled v a r i a n c e  and assuming a normal 
d i s t r i b u t i o n .  
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F i g u r e  4. A n g u t a r  c o n v e n t i o n s  
a s  v i e w e d  form t h e  f ront .  
Figure 5. Angular GOnV@ntionS as  
viewed f rom t h e  right  side. 
F i g u r e  6. Angular conventions a s  
v iewed f rom the top. 
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F i g u r e  8 .  
F i g u r  
I H a n d  a t t a c k  a n g l e  
s h o w i n g  a t y p i c a l  
10 deg.  o f f s e t  f r o m  
t h e  c o n t r o l l e r  r o t a t i o n .  
' e  7.  C o n t r o l l e r  r o t a  
c o n v e n t i o n  as  
f r o m  t h e  t o p .  
t i o n  
v i e w  e d  




ALL MALE RIGHT-HANDED 
ALL MALE LEFT-HANDED 
ALL FEMALE 
ALL FEMALE RIGHT-HANDED 










MIN 5% (31 MEAN 03 95% MAX 
-23.6 -15.4 -4.0 4 .4  11.4 30.0 38.4 
-23.6 -15.8 -3. 1 5 . 8  14.4 31.9 38.4 
-23.6 -15.9 -4.0 4 .4  13.9 30.8 38.4 
0 .8  0 . 8  0 . 8  12.8 24.5 31.9 31.9 
-15. 1 -15. 1 -5.2 0. 1 7.7 11.7 11.7 
-15. 1 -15. 1 -5.6 -0. 1 7 .2  11.7 11.7 
-4.7 - 4 . 7 - 4 . 7  2.2 9 .0  9 . 0  9.0 
-23.6 -15.6 -4.3 3 . 6  11.4 2 7 . 8  38.4 
-4.7 -4 .7 0 . 8  10 .1  19.4 3 1 . 9  31.9 
ALL RIGHT-HANDED 
ALL LEFT-HANDED 
ALL NOT WEARING CB GEAR 
ALL WHILE WEARING CB GEAR 
7 
7 
- 1 5 . 8 - 1 5 . 8 - 2 . 3  0 . 2  6 . 7  7 . 7  7.7 
-6 .6 - 6 . 6 - 6 . 4  0 . 8  6 . 7  6 . 8  6.8 
When viewed f r o m  the top a counterclockwise rotation is positive. 
TABLE 3 
CONTROLLER ANGLE FORE/AFT 
(degrees) 
ALL MALE RIGHT-HANDED 
ALL MALE LEFT-HANDED 
ALL FEMALE 
ALL FEMALE RIGHT-HANDED 
ALL FEMALE LEFT-HANDED 
ALL RIGHT-HANDED 
ALL LEFT-HANDED 
70 -11.9 -3.3 3 . 6  8 . 6  13.0 2 4 . 2  30.0 
52 -3.2 -2.3 4. 1 10.0 16. 1 16. 1 30.0 
46 -2.6 -1.7 4. 1 10.8 17.9 27.8 30.0 




.-11. 9 -11. 9 1. 7 4. S 9.3 16. 7 16. 7 
-11. 9 -11. 9 1. 3 4. 6 9. 5 16. 7 16. 7 
2 . 1  2 . 1  2 . 1  4 . 1  6 .2 6 . 2  6.2 
-11. 9 -3. 3 3. 8 9. 2 15. 0 25. 2 30. 0 ‘ ~ 1  -3 .2  - 3 . 2  -3 .2  4 .0  7.C. 8 . 6  8 . 6  
ALL NOT WEARING CB GEAR 
2 . 6  2 . 6  3 .6  11.1 20.1 21.4 21.4 
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TABLE 4 
CONTROLLER ANGLE LEFT/RIGHT 
(degrees) 
ALL MALE RIGHT-HANDED 
ALL MALE LEFT-HANDED 9.7 9.7 10.0 19.5 23.3 38.8 33.8 
ALL FEMALE 0 . 1  0.1 13.3 19.2 26.4 33.S 33.5 
0 . 1  0 . 1  14.8 19.2 25.5 30.2 30.2 
ALL FEMALE LEFT-HANDED 5.7 5.7 5.7 19.6 33.5 33.5 33.5 
ALL RIGHT-HANDED 
ALL LEFT-HANDED 5.7 5.7 9.8 19.5 31.3 38.8 38.8 
ALL NOT WEARING CB GEAR 
When viewed from the front, a clockwise rotation is positive. 
TABLE 5 
CONTROLLER POSITION FORWARD OF SRP 
( centimeters ) 
ALL MALE RIGHT-HANDED 
ALL MALE LEFT-HANDED 
ALL FEMALE 
ALL FEMALE LEFT-HANDED 
PILOT PERSONNEL. ---_____--_------__ 




CONTROLLER POSITION ABOVE THE SRP 
centimeters ) 
I ALL I 70 
ALL MALE 52 
ALL MALE RIGHT-HANDED 46 
ALL MALE LEFT-HANDED 6 
ALL FEMALE 18 
ALL FEMALE RIGHT-HANDED 16 
ALL FEMALE LEFT-HANDED 2 
ALL R IGHT-HANDED 62 
ALL LEFT-HANDED 8 
20. 1 26. 0 30. 8 32. 6 35. 0 37. 4 38. 1 
20. 1 24. 9 30. 3 32. 1 34. 5 37. 3 38. 1 
20. 1 24. 2 30. 1 31. 9 34. 0 37. 4 38. 1 
30. 6 30. 4 30. 8 33. 3 35. 0 35. 6 35. 6 
29. 8 29. 8 32. 2 33. 9 35. 8 38. 1 38. 1 
29. 8 29. 8 32. 4 34. 0 36. 0 38. 1 38. 1 
30. 5 30. 5 30. 5 32. 9 35. 4 35. 4 35. 4 
20. 1 25. 6 30. 8 32. 5 35. 0 37. 5 38. 1 
30. 5 30. 5 30. 7 33. 2 35. 2 35. 6 35. 4 
PILOT PERSONNEL 
ALL NOT WEARING CB GEAR 
ALL WHILE WEARING CB GEAR 
------------------- 
26. 3 26. 3 27. 8 29. 7 32. 3 32. 3 
28.7 28.7 29.3 31.0 33.0 34. 1 :$:: 1 
I I 1 
When viewed from the right side, a position above the SRP is positive. 
TABLE 7 
ARMREST ANGLE UPWARD 
(degrees) 
ALL MALE RIGHT-HANDED 0.5 1.3 4.2 7.7 11.6 15.9 16.5 
ALL MALE LEFT-HANDED 
ALL FEMALE 0.1 0.1 3.9 7.5 10.2 16.3 16.3 
0.2 0.2 4.3 8.1 10.8 16.3 16.3 
ALL FEMALE LEFT-HANDED 0.1 0.1 0.1 2.4 4.8 4.8 4.8 
PILOT PERSONNEL 
ALL NOT WEARING CB GEAR 1.4 1.4 3.5 6.5 12.1 12.7 12.7 
---__----_____----_ 
When viewed from the right side, a counter-clockwise rotation is 
positive. 
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T A B L E  8 
ARMREST ANGLE OIJTBOARD 
(degrees) 
N O N P I L O T  PERSONNEL 
A L L  
ALL. M A L E  
AL.L M A L E  R IGHT-HANDED 
A L L  M A L E  LEFT-HANDED 
A L L  F E M A L E  
A L L  F E M A L E  RIGHT-HANDED 
A L L  F E M A L E  L E F T - H A N D E D  
AL.L R IGHT-HANDED 
ALL. LEFT-HANDED 
.................... 
AL.L NOT WEARING C B  GEAR 
A L L  WHILE W E A R I N G  C B  GEAR 
















I c l o  
M I N  5% 01 MEAN 03 95% MAX 
-17. 3 -8. 2 -2. 5 -1. 8 5. 4 14. 4 18. 5 
-13.3 - 7 . 9 - 1 . 6  2 .7  6 .7  15.6 18.5 
-13. 1 -8. 7 -1. 3 3. 0 6. 9 16. 4 18. 5 
-4 .5 - 4 . 5 - 3 . 9  0 . 6  5 . 0  7 . 1  7 . 1  
-17. 3 -17. 3 -4. 4 -0. 8 3. 4 9 .  4 9. 4 
-17.3 -17. 3 -4 .2 -0. 4 3 . 9  9 . 4  9 . 4  
-4. 4 -4. 4 -4. 4 -3. 6 -2. 7 -2. 7 -2. 7 
-17. 3 -9. 2 -2. 2 2. 1 5. 7 14. b 18. 5 
-4 .5 - 4 . 5 - 4 . 2  -0 .4  3 .7  7 . 1  7 . 1  
- 5 . 1  - 5 . 1 - 0 . 4  0 . 7  2 .6  4 . 5  4 .5  
-8 .4  - 8 . 6 - 3 . 3  1 .3  6.7 1 4 . 9  14.9 
kwise rotation is positive. 
T A B L E  9 
HAND A T T A C K  ANGLE 
( degrees ) 
-10. 5 -5. 7 7. 6 14. 7 22. 6 30. 5 37. 1 
70 I 
A L L  M A L E  52 -10. 5 -7. 7 6. 5 14. 5 23.9 30.8 37. 1 
A L L  M A L E  R I G H T - H A N D E D  -10. 5 -7. 9 6. 0 14. 4 23. 7 31. 1 37. 1 
A L L  M A L E  L E F T - H A N D E D  1 4 ~ 1  5 .9  5 .9  7.3- 15.0 25.1 2 8 . 3  28.3 
A L L  F E M A L E  
A L L  F E M A L E  RIGHT-HANDED 
A L L  F E M A L E  LEFT-HANDED 
18 2 .2  2 .2  12.0 15.1 19.7 27.2 27.2 
16 2 .2  2 . 2  11.2 14.9 19.1 27 .2  27.2 
2 14. 1 14. 1 14. 1 17. 5 20.9 20.9 20.9 
8. 4 15. 7 23. 3 28. 3 28. 3 
When viewed f r o m  the top a counterclockwise rotation is positive. 
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DISCUS SIOM 
I n  g e n e r a l ,  t h e r e  are n o t i c e a b l e  d i f f e r e n c e s  between t h e  means of l e f t -  
v e r s u s  right-handed and male v e r s u s  female personnel .  
C o n t r o l l e r  R o t a t i o n  (Table  2 and F i g u r e  7 )  
The r o t a t i o n  d a t a  were obta ined  from t h e  camera l o c a t e d  over  t h e  
s u b j e c t ’ s  head. Cosine c o r r e c t i o n s  were a p p l i e d  t o  a d j u s t  f o r  bo th  t h e  
forward and inward c a n t  angles  of t h e  c o n t r o l l e r .  
The range of adjustment  r e q u i r e d  by p i l o t  personnel  wi th  and w i t h o u t  
MOPP was w i t h i n  t h e  range r e q u i r e d  by n o n p i l o t  personnel .  An a d j u s t a e n t  from 
about  1 6  degrees  c lockwise  t o  32 degrees  counterc lockwise  r o t a t i o n  s a t i s f i e d  
90 p e r c e n t  of t h e  males and females  i n  our sample. Within t h i s  range ,  p i l o t s  
tended t o  select  a comfort  p o s i t i o n  which was more or thogonal  t o  t h e  a i r f r a m e  
axes because they were perhaps i n f l u e n c e d  by t h e  c u r r e n t  g r i p  d e s i g n  and t h e  
need t o  o p e r a t e  s w i t c h e s  on t h e  c o n t r o l  head i t s e l f .  The d i f f e r e n c e  between 
t h e  mean r o t a t i o n a l  a n g l e  s e l e c t e d  by males and females  was s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  0.05 l e v e l  wi th  a t of 1 . 7 3  and a df of 68. The d i f f e r e n c e  
between l e f t -  and right-handed nonpTlot personnel  w a s  not  s i g n i f i c a n t .  
The most comfor tab le  p o s i t i o n  f o r  t h e  hand when grasp ing  t h e  c o n t r o l l e r  
was t o  p o s i t i o n  t h e  hand w i t h  10 degrees  more r o t a t i o n  than  t h e  r o t a t i o n  of 
t h e  g r i p  i t s e l f .  T h i s  i s  d e p i c t e d  i n  F i g u r e  8. The d i f f e r e n c e  was g r e a t e r  
f o r  lef t -handed personnel  than  right-handed personnel  w h i l e  female personnel  
s e l e c t e d  15 d e g r e e s  as t h e  most comfortable  p o s i t i o n .  
Fore /Af t  C o n t r o l l e r  Angle (Table  3 and F i g u r e  5 )  
The range s e l e c t e d  by n o n p i l o t  males was n o t  s u f f i c i e n t  t o  i n c l u d e  the 
range  s e l e c t e d  by p i l o t  personnel .  No p h y s i c a l  d i f f e r e n c e s  were noted dur ing  
d a t a  c o l l e c t i o n  o t h e r  than  t h e  f l i g h t  c l o t h i n g  worn by t h e  a v i a t o r s .  
T h e r e f o r e ,  t h e  r e q u i r e d  range should be from 1 2  degrees  rearward c a n t  t o  
28 d e g r e e s  forward c a n t .  Within t h i s  range ,  t h e r e  was a s h i f t  i n  means of  
a lmost  7 degrees  between l e f t -  and right-handed male personnel .  The e f f e c t  of 
wearing I4OPP narrowed t h e  range of comfort  s e l e c t e d  by personnel  wi thout  MOPP 
r a t h e r  t h a n  t o  s i g n i f i c a n t l y  s h i f t  i t .  The d i f f e r e n c e  between male r i g h t  and 
male l e f t  means was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.05 l e v e l  w i t h  a t of 
1.90 and a df of 50. The d i f f e r e n c e  between t h e  male and female means was 
a l s o  s i g n i f z a n t  a t  t h e  0.05 l e v e l  wi th  a - t of 2 . 4 3  and a - df of 68. 
L e f t / R i g h t  C o n t r o l l e r  Angle (Table  4 and F i g u r e  4 )  
The range s e l e c t e d  by p i l o t s  w a s  from 7 degrees  outboard t o  26 d e g r e e s  
inboard .  The range s e l e c t e d  by n o n p i l o t s  was from 0 degrees  outboard t o  
39 degrees  inboard .  The mean p o s i t i o n  of 5.2 degrees  s e l e c t e d  by p i l o t  
p e r s o n n e l  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  than  t h e  mean p o s i t i o n  of 
15.7 degrees  s e l e c t e d  by n o n p i l o t  male personnel .  The 9.5-degree s h i f t  toward 
a more u p r i g h t  p o s i t i o n  was t e s t e d  a t  t h e  5-percent l e v e l  using a two-tai led 
tes t .  
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C o n t r o l l e r  P o s i t i o n  (Tables  5 and 6 )  
The c o n t r o l l e r  p o s i t i o n  w a s  based on a s e l e c t e d  p o i n t  c e n t r a l l y  l o c a t e d  
w i t h i n  t h e  g r i p .  When personnel  grasped t h e  c o n t r o l l e r ,  t h i s  p o i n t  remained 
r e l a t i v e l y  s t a b l e  when compared t o  t h e  a n g l e  of t h e  c o n t r o l l e r  w i t h i n  t h e  
hand. The range of adjustment  was from 38 t o  53 c e n t i m e t e r s  forward and 31 t o  
38 c e n t i m e t e r s  above t h e  seat  r e f e r e n c e  p o i n t  as s e l e c t e d  by n o n p i l o t  male 
p e r s o n n e l .  The p o s i t i o n  s e l e c t e d  by p i l o t s  was between 39 t o  48 c e n t i m e t e r s  
forward and 29 t o  34 c e n t i m e t e r s  above t h e  seat r e f e r e n c e  p o i n t .  
A r m r e s t  Angle (Tables  7 and 8 and F i g u r e  5)  
Both t h e  upward and outboard armrest a n g l e s  s e l e c t e d  as being comfor tab le  
tended n o t  t o  f o l l o w  t h e  upward and outboard a n g l e s  of t h e  s u b j e c t ' s  forearm.  
P e r s o n n e l  seemed t o  want t h e  armrest a d j u s t e d  so t h a t  t h e  muscular p o r t i o n  of 
t h e  forearm was t h e  only  area i n  c o n t a c t  w i t h  t h e  armrest. The p e r c e p t i o n  of 
comfort  seemed t o  be i n f l u e n c e d  by t h e  need t o  have some f l e x i b i l i t y  i n  upper 
body movement which was observed as s u b j e c t s  s h i f t e d  t h e i r  upper t o r s o s  and 
s h o u l d e r s  whi le  s e l e c t i n g  a comfortable  p o s i t i o n .  Normally, i f  one rests 
o n e ' s  forearm a long  t h e  arm of a c h a i r  when s e a t e d  and a t t e m p t s  t o  s h i f t  t h e  
body, t h e  arm of t h e  c h a i r  res t r ic ts  t h e  motion of t h e  body. Even though a 
f u l l y  suppor ted  forearm i s  b e t t e r  f o r  c o n t r o l  i n p u t ,  i t  i s  n o t  always t h e  most 
comfor tab le .  
CONCLUSIONS 
The d a t a  sugges t  t h a t  t h e  c lass ical  approach of provid ing  a side-arm 
c o n t r o l l e r  which i s  or thogonal  t o  t h e  axes of t h e  h e l i c o p t e r  i s  not  the most 
comfor tab le  p o s i t i o n .  The c o n t r o l l e r  must be s i g n i f i c a n t l y  angled forward and 
inboard  w i t h  a counterc lockwise  r o t a t i o n .  We r e a l i z e  t h a t  c o n t r o l l e r  des ign  
has  a n  impact on how a p i l o t  selects a p o s i t i o n  of comfort  and should be 
looked i n t o  w i t h  more d e t a i l .  Of equal  importance i s  t h a t ,  even though t h e  
c o n t r o l l e r  i s  coinfor table  t o  h o l d ,  t h e  p o s i t i o n  may not  a l low t h e  p i l o t  t o  
c o n t r o l  t h e  h e l i c o p t e r  wi thout  n o t i c e a b l e  c r o s s  coupl ing .  The concern i s ,  f o r  
example, i f  a c o n t r o l  i n p u t  t o  p i t c h  forward were made by i n i t i a t i n g  a motion 
a long  t h e  axis of t h e  h e l i c o p t e r ,  a r o l l  t o  t h e  l e f t  would a l so  occur .  
An o r t h o g o n a l  p o s i t i o n  of t h e  c o n t r o l l e r  t o  t h e  axes of t h e  h e l i c o p t e r  
w a s  w i t h i n  t h e  range of comfort  s e l e c t e d  by t h e  s u b j e c t s .  
MOPP gear  d i d  n o t  expand o r  s h i f t  t h e  comfort  range s e l e c t e d  by t h e  
s u b j e c t s  . 
S t u d i e s  are being planned t o  i n v e s t i g a t e  t h e  e f f e c t s  of c o n t r o l l e r  
a t t i t u d e  on s i m u l a t o r  f l i g h t  performance. I n  a d d i t i o n ,  t h e  e f f e c t s  of 
o p e r a t i n g  swi tches  on t h e  c o n t r o l  head w i l l  be examined w i t h  r e f e r e n c e  t o  
f l i g h t  performance. 
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